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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a nonvolatile semiconductor storage 
device which seldom brings about a malfunction because the change of an 
output signal is large, does not need an accurate resistance value 
generation element and can be integrated in high density because of its 
simple configuration, and an information recording method for the 
nonvolatile semiconductor storage device. 

SOLUTION: In the configuration of a memory cell, 2nd wiring 25 crossing 
orthogonally with 1st wiring 21 and 1st wiring 21 and 3rd wiring 35 
being in parallel with the 1st wiring 21 are provided, 1st memory 
elements 28 are provided between the 1st wiring 21 and the 2nd wiring 
25, 2nd memory elements 38 are provided between the 2nd wiring 25 and 
the 3rd wiring 35, and in the configuration of the memory elements, an 
insulation film 13 is inserted between the two layers of ferromagnetic 
substance thin films. Data which are opposite from each other are 



recorded in the 1st memory elements 28 and in 2nd memory elements 38. 
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CLAIMS 



[Claim (s)] 

[Claim 1] The 1st wiring which extends in the 1st direction, and the 1st 
memory device prepared so that it might connect with said 1st wiring, 
The 2nd wiring which extends in the 2nd direction which connects with 
this 1st memory device and is different from said 1st direction, The 2nd 
memory device prepared so that it might connect with said 2nd wiring, 
and the 3rd wiring which connects with this 2nd memory device and 
extends in said 1st direction, **** and said 1st memory device is 
constituted by the ferromagnetic thin film more than two-layer [ which 
was prepared in an insulator layer and the both sides of this insulator 
layer, and was connected to said the 1st wiring and said wiring of the 
2nd, respectively ]. Said 2nd memory device is constituted by the 
ferromagnetic thin film more than two-layer [ which was prepared in an 
insulator layer and the both sides of this insulator layer, and was 
connected to said the 2nd wiring and said wiring of the 3rd, 



respectively ]. Information is memorized as a difference of the 
magnetization direction in the ferromagnetic thin film more than two- 
layer [ this ]. Information is read using the electric resistance value 
of the tunnel current which flows said memory device according to the 
magneto-resistive effect by the difference of this magnetization 
direction changing. Said the 1st memory device and said 2nd memory 
device are a non-volatile semiconductor memory characterized by always 
becoming one pair and memorizing opposite information mutually. 
[Claim 2] The write-in circuit which two or more [ of said 1st and 2nd 
memory devices ] are prepared in the said 1st, 2nd, and 3rd wiring lists, 
respectively, is connected to said 1st, 2nd, and 3rd wiring, and writes 
information in said 1st and 2nd memory devices, The non-volatile 
semiconductor memory according to claim 1 characterized by having the 
readout circuitry which reads the information which was connected to 
said 1st, 2nd, and 3rd wiring, and was memorized by said 1st and 2nd 
memory devices. 

[Claim 3] Said the 1st direction and said 2nd direction are a non- 
volatile semiconductor memory according to claim 1 or 2 characterized by 
intersecting perpendicularly mutually. 

[Claim 4] Said 1st wiring is mutually arranged in parallel on the 1st 
flat surface, and said 2nd wiring is parallel to said 1st flat surface, 
and it is mutually arranged in parallel on the 2nd flat surface arranged 
above said 1st flat surface. Said 3rd wiring is parallel to said 1st 
flat surface, and it is mutually arranged in parallel on the 3rd flat 
surface arranged above said 2nd flat surface. Said 1st memory device is 
parallel to said 1st flat surface, and it is arranged on the 4th flat 
surface arranged between said 1st flat surface and said 2nd flat surface. 
Said 2nd memory device is a non-volatile semiconductor memory according 
to claim 2 or 3 characterized by being arranged on the 5th flat surface 
which is parallel to said 1st flat surface, and is arranged between said 
2nd flat surface and said 3rd flat surface. 

[Claim 5] Said write-in circuit and said readout circuitry are a non- 
volatile semiconductor memory given in claim 2 characterized by being a 
semiconductor integrated circuit thru/or any 1 term of 4. 
[Claim 6] A non-volatile semiconductor memory given in claim 1 to which 
the group which becomes the said 1st, 2nd, and 3rd wiring lists from 
said 1st and 2nd memory devices is characterized by arranging more than 
one through an insulating layer thru/or any 1 term of 5. 
[Claim 7] An approach to be the information record approach of the non- 
volatile semiconductor memory a publication, and write the information 
on said non-volatile semiconductor memory in claim 1 thru/or any 1 term 



of 6 The process which magnetizes one or more ferromagnetic thin films 
in said 1st memory device, and considers relation between this 
magnetization direction and the magnetization direction of other 
ferromagnetic thin films in said 1st memory device as parallel or anti- 
parallel, The process which magnetizes one or more ferromagnetic thin 
films in said 2nd memory device, and considers relation between this 
magnetization direction and the magnetization direction of other 
ferromagnetic thin films in said 2nd memory device as parallel or anti- 
parallel, The 1st condition of ****(ing), making parallel relation of 
said magnetization direction in said 1st memory device, and considering 
relation of said magnetization direction in said 2nd memory device as 
anti-parallel, It is what writes in information by choosing one side 
while in the 2nd condition of considering relation of said magnetization 
direction in said 1st memory device as anti-parallel, and making 
parallel relation of said magnetization direction in said 2nd memory 
device. Furthermore, an approach to read the information from said non- 
volatile semiconductor memory The process which measures the 1st 
electric resistance value of the tunnel current which flows said 1st 
memory device, The process which measures the 2nd electric resistance 
value of the tunnel current which flows said 2nd memory device, The 
information record approach of the non-volatile semiconductor memory 
characterized by having the process which reads information by detecting 
which the difference of said 1st electric resistance value and said 2nd 
electric resistance value is detected, and is chosen among said 1st and 
2nd conditions. 

[Claim 8] The process which magnetizes one or more ferromagnetic thin 
films in said 1st memory device is the information record approach of 
the non-volatile semiconductor memory according to claim 7 characterized 
by carrying out to at least one side among said 1st wiring and said 2nd 
wiring using the magnetic field which passes a current and is generated 
according to this current. 

[Claim 9] The process which magnetizes one or more ferromagnetic thin 
films in said 2nd memory device is the information record approach of 
the non-volatile semiconductor memory according to claim 7 or 8 
characterized by carrying out to at least one side among said 2nd wiring 
and said 3rd wiring using the magnetic field which passes a current and 
is generated according to this current. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the non- 
volatile semiconductor memory constituted by the magnetic resistance 
element which a memory device turns into from a ferromagnetic thin film 
about a rewritable non-volatile semiconductor memory and its information 
record approach electrically, and its information record approach. 
[0002] 

[Description of the Prior Art] 

[Description of the Prior Art] What the memory device consists of in the 
rewritable non-volatile semiconductor memory using the magnetic 
resistance element which consists of a ferromagnetic thin film 
electrically is called high density MAG memory (it is called MRAM below 
Magnetic Random Access Memory:). 

[0003] Drawing 4 (a) is the mimetic diagram showing the structure of 
this memory device, drawing 4 is the mimetic diagram showing an example 
of the memory device of this MRAM, and (c) is [ (b) is the mimetic 
diagram showing the read-out actuation in this memory device, and ] the 
mimetic diagram showing write-in actuation of this memory device. As 
shown in drawing 4 (a), it sets to this memory device. The fixed bed 12 
which consists of a ferromagnetic thin film with which the direction of 
magnetization with a thickness of about 20nm is being fixed to the 
position on the lower layer wiring 11 is formed. The insulator layer 13 
with a thickness of about 2nm is formed on the fixed bed 12, and the 
data storage layer 14 which consists of a ferromagnetic thin film from 
which the direction of magnetization with a thickness of about 20nm can 
change is formed on an insulator layer 13. The lower layer wiring 11 and 
the upper wiring 15 extended in the direction which goes direct are 
formed on this data storage layer 14. 

[0004] As shown in drawing 4 (c), write-in actuation of said memory 
device memorizes binary information by changing the magnetization 
direction of the data storage layer 14, and considering mutually 
relation between the magnetization direction of the fixed bed 12, and 
the magnetization direction of the data storage layer 14 as parallel (in 
data 1), or anti-parallel (in data 0) by the external magnetic field, 
the electric resistance value of the insulator layer 13 in case the 
electric resistance values of the insulator layer 13 when the relation 
of said magnetic direction is parallel are anti-parallel by the magneto- 
resistive effect at this time — comparing — about 10 — or it changes 



40%. 

[0005] As shown in drawing 4 (b), read-out of the binary information 
memorized by such approach can give the predetermined potential 
difference between the upper wiring 15 and the lower layer wiring 11, 
and can be performed by passing tunnel current from the lower layer 
wiring 11 to the upper wiring 15 through the fixed bed 12, an insulating 
layer 13, and the data storage layer 14. namely, the relation between 
the magnetization direction of the fixed bed 12, and the magnetization 
direction of the data storage layer 14 — parallel — or — anti- — the 
information memorized by detecting said tunnel current change by whether 
it is parallel since the electric resistance value of an insulating 
layer 13 changes with tunnel magneto-resistive effects (it is called TMR 
below Tunneling magneto-resistance effect:) can be taken out to the 
exterior. 

[0006] The memory device shown in drawing 4 (a) and (b) is more 
advantageous as an approach of becoming a simple configuration from the 
memory device which uses the tunnel magneto-resistive effect (TMR) and 
uses former giant magneto-resistance (it is called GMR below Giant 
magneto-resistance effect:) in formation of the electrode for pulling 
out storage information to the exterior, and forming high-density MRAM. 
[0007] Drawing 5 is the mimetic diagram showing MRAM which has arranged 
the memory device shown in drawing 4 in the shape of a grid. Two or more 
arrangement of the lower layer wiring 11 called a word line is carried 
out, two or more arrangement of the upper wiring 15 called a bit line in 
the different direction from a word line is carried out, and the lower 
layer wiring 11 and the upper wiring 15 cross in the shape of a grid. 
The memory device 17 mentioned above is arranged at the intersection of 
this grid, i.e., the recently contact of the lower layer wiring 11 and 
the upper wiring 15. The memory device 17 of arbitration can choose and 
choose a predetermined word line (lower layer wiring 11) and a 
predetermined bit line (the upper wiring 15). The memorized information 
can be taken out to the exterior by performing predetermined storage to 
each memory device 17, and detecting the tunnel current between the word 
lines and bit lines corresponding to each memory device 17. There is 
memory indicated by JP, 2000-82791, A as an example of this conventional 
kind of memory. Also in the configuration of this memory, change of the 
tunnel current of the MTJ (magnetic tunnel junction) component formed 
between lower layer wiring and the upper wiring is detected as storage 
information. 

[0008] Thus, since it is constituted by the magnetic resistance element 
which has the configuration of three or more layers which usually 



consists of an insulator layer inserted with two-layer ferromagnetic 
thin films and these ferromagnetic thin films, the relation to parallel 
or anti-parallel of the magnetization direction in two ferromagnetic 
thin films becomes by change of an external magnetic field and the 
electric resistance values in the tunnel current in said insulator layer 
differ by this, MRAM using TMR can memorize binary [ of 1 and 0 ]. 
[0009] However, as max is not so so large as about 40%, either and it is 
shown in drawing 5 , the amount of electric resistance value changes by 
the magneto-resistive effect about 30% usually If many memory devices 17 
are arranged in the shape of a grid, also when reading the information 
memorized by the specific memory device 17, it is influenced of the 
noise resulting from non-choosing a word line and a bit line, and for 
this reason, the ratio (a signal/noise) of a read-out current becomes 
smaller, and causes malfunction. Although many memory devices 17 are 
arranged in the shape of a grid as shown in drawing 5 in case mass 
storage is constituted especially, it may mainly increase by dispersion 
on manufacture to the magnitude which cannot disregard dispersion in the 
electric resistance value in each memory device 17. 
[0010] For this reason, in order to need highly precise circuitry for 
the detection means in this conventional non-volatile semiconductor 
memory and to raise the precision of read-out, there is a trouble that 
the time amount which read-out takes becomes long. Although there is a 
means of using it as an object for the reference at the time of 
considering as a means, for example, detecting absolute value change of 
an electric resistance value [ in / for a highly precise resistance 
generating component / each memory device ] in order to raise the 
precision of read-out, forming such a highly precise resistance 
generating component leads to the rise of cost, and it leads also to the 
performance degradation at the time of read-out. 
[0011] As opposed to the problem peculiar to such MRAM, two memory 
devices are made into one pair, a memory cell is formed, information is 
memorized to this memory cell, and the technique of reading the 
difference of a current is proposed as indicated by JP, 10-177783, A. 
[0012] 

[Problem (s) to be Solved by the Invention] However, there is a trouble 
shown below in the technique currently indicated in JP, 10-177783, A. By 
this memory cell, although the magnetic memory cell for MRAM in this 
technique uses the GMR effectiveness, in order to read storage 
information, it must pass a current in the direction parallel to the 
magnetization direction, and must detect electric resistance value 
change. Therefore, the electrode for electric resistance value detection 



must be formed in the side face of the information Records Department 
(magnetic resistance element), and in carrying out the laminating of the 
two memory devices and forming them up and down moreover, there is a 
trouble that electrode drawer wiring becomes a complicated configuration, 
as shown in drawing 1 in JP, 10-177783, A. For this reason, this memory 
cell is not suitable for the information storage device formed by 
accumulating many memory cells on high density. 

[0013] This invention is made in view of this trouble, since change of 
an output signal is large, it is hard to cause malfunction, a resistance 
generating component is unnecessary, and since the configuration is 
simple, it aims at offering the non-volatile semiconductor memory which 
can pile up high density, and the information record approach of this 
non-volatile semiconductor memory. 
[0014] 

[Means for Solving the Problem] The 1st wiring with which the non- 
volatile semiconductor memory concerning this invention extends in the 
1st direction, The 1st memory device prepared so that it might connect 
with said 1st wiring, and the 2nd wiring which extends in the 2nd 
direction which connects with this 1st memory device and is different 
from said 1st direction, The 2nd memory device prepared so that it might 
connect with said 2nd wiring, and the 3rd wiring which connects with 
this 2nd memory device and extends in said 1st direction, **** and said 
1st memory device is constituted by the ferromagnetic thin film more 
than two-layer [ which was prepared in an insulator layer and the both 
sides of this insulator layer, and was connected to said the 1st wiring 
and said wiring of the 2nd, respectively ]. Said 2nd memory device is 
constituted by the ferromagnetic thin film more than two-layer [ which 
was prepared in an insulator layer and the both sides of this insulator 
layer, and was connected to said the 2nd wiring and said wiring of the 
3rd, respectively ]. Information is memorized as a difference of the 
magnetization direction in the ferromagnetic thin film more than two- 
layer [ this ]. It is characterized by reading information using the 
electric resistance value of the tunnel current which flows said memory 
device according to the magneto-resistive effect by the difference of 
this magnetization direction changing, and for said the 1st memory 
device and said 2nd memory device always becoming one pair, and 
memorizing opposite information mutually. 

[0015] Conventionally, prepare one memory device between wiring of two, 
and form two memory devices between wiring of three, these are made to 
memorize opposite data of each other in this invention to having 
detected the absolute value of the electric resistance value of the 



tunnel current which flows this memory cell, and the difference of that 
tunnel current is detected. In order for this to detect a relative 
change of an electric resistance value, the width of face of change 
becomes large and the precision which reads information improves. 
Moreover, since the configuration of a memory cell has simple 
composition, this memory cell can be accumulated easily and a large- 
scale non-volatile semiconductor memory can be formed. 
[0016] An approach to write in the information on said memory cell in 
the information record approach of the non-volatile semiconductor memory 
concerning this invention The process which magnetizes one or more 
ferromagnetic thin films in said 1st memory device, and considers 
relation between this magnetization direction and the magnetization 
direction of other ferromagnetic thin films in said 1st memory device as 
parallel or anti-parallel, The process which magnetizes one or more 
ferromagnetic thin films in said 2nd memory device, and considers 
relation between this magnetization direction and the magnetization 
direction of other ferromagnetic thin films in said 2nd memory device as 
parallel or anti-parallel, The 1st condition of ****(ing), making 
parallel relation of said magnetization direction in said 1st memory 
device, and considering relation of said magnetization direction in said 
2nd memory device as anti-parallel, Information is written in by 
choosing one side, while in the 2nd condition of considering relation of 
said magnetization direction in said 1st memory device as anti-parallel, 
and making parallel relation of said magnetization direction in said 2nd 
memory device. 

[0017] Moreover, the process which measures the 1st electric resistance 
value of the tunnel current to which an approach to read said 
information flows said 1st memory device, The process which measures the 
2nd electric resistance value of the tunnel current which flows said 2nd 
memory device, The difference of said 1st electric resistance value and 
said 2nd electric resistance value is detected, and it has the process 
which reads information by detecting which is chosen among said 1st and 
2nd conditions. 
[0018] 

[Embodiment of the Invention] Hereafter, the example of this invention 
is concretely explained with reference to an attached drawing. First, 
the 1st example of this invention is explained. Drawing 1 is the mimetic 
diagram showing the configuration of the memory cell of MRAM concerning 
this example, and a non-volatile semiconductor memory, drawing 1 (a) is 
the mimetic diagram showing the configuration of a memory cell, and 
drawing 1 (b) is the mimetic diagram showing a part of configuration of 



the non-volatile semiconductor memory which is made to arrange this 
memory cell in the shape of a grid, and is formed. 
[0019] The memory cell of the non-volatile semiconductor memory 
concerning this example As shown in drawing 1 (a), the 1st wiring 21 
arranged in the shape of a straight line is formed in the 1st direction. 
The 1st fixed bed 22 which consists of a ferromagnetic to which the 
direction of magnetization with a thickness of about 20nm is being fixed 
so that it may connect with the 1st wiring 21 at the position on the 1st 
wiring 21 is formed. The 1st insulator layer 23 with a thickness [ for 
passing tunnel current so that it may connect with the 1st fixed bed 22 
on the 1st fixed bed 22 ] of about 2nm is formed. The 1st data storage 
layer 24 which consists of a ferromagnetic thin film from which the 
direction of magnetization with a thickness of about 20nm can change so 
that it may connect with the 1st insulator layer 23 on the 1st insulator 
layer 23 is formed. The 1st wiring 11 and the 2nd wiring 25 arranged in 
the shape of a straight line in the direction which goes direct are 
formed so that it may connect with the 1st data storage layer 24 on the 
1st data storage layer 24. Furthermore, the 2nd fixed bed 32 which 
consists of a ferromagnetic to which the direction of magnetization with 
a thickness of about 20nm is being fixed so that it may connect with the 
2nd wiring 25 at the position on the 2nd wiring 25 is formed. The 2nd 
insulator layer 33 with a thickness [ for passing tunnel current so that 
it may connect with the 2nd fixed bed 32 on the 2nd fixed bed 32 ] of 
about 2nm is formed. The 2nd data storage layer 34 which consists of a 
ferromagnetic thin film from which the direction of magnetization with a 
thickness of about 20nm can change so that it may connect with the 2nd 
insulator layer 33 on the 2nd insulator layer 33 is formed. The 3rd 
wiring 35 arranged in parallel with the 1st wiring 11 so that it may 
connect with the 2nd data storage layer 34 on the 2nd data storage layer 
34 is formed. In addition, as a part of this memory cell, the 1st memory 
device 28 is constituted by the 1st fixed bed 22, the 1st insulator 
layer 23, and the 1st data storage layer 24, and the 2nd memory device 
38 is constituted by the 2nd fixed bed 32, the 2nd insulator layer 33, 
and the 2nd data storage layer 34. The memory cell of this example makes 
one pair this the 1st memory device 28 and 2nd memory device 38, and 
performs 1-bit storage. 

[0020] The non-volatile semiconductor memory of this example arranges 
said memory cell in the shape of a grid, and is formed. As shown in 
drawing 1 (b), two or more arrangement of the 1st wiring 21 which is a 
lower layer bit line is carried out mutually on the 1st flat surface at 
parallel and regular intervals. Two or more arrangement of the 2nd 



wiring 25 which is a word line is mutually carried out in the direction 
which goes to this lower layer bit line direct at parallel and regular 
intervals at a 2nd flat-surface top parallel to said 1st flat surface. 
Furthermore, two or more arrangement of the 3rd wiring 35 which is the 
upper bit line is mutually carried out in the same direction as the 1st 
wiring 21 at parallel and regular intervals at the 3rd flat-surface top 
parallel to said 2nd flat surface. At this time, said 2nd flat surface 
is arranged between said 1st flat surface and said 3rd flat surface. 
Moreover, in view of a direction perpendicular to said the 1st thru/or 
3rd flat surface, i. e. , plane view, the 1st wiring 21 laps with the 3rd 
wiring 35, and the 1st wiring 21 and the wiring 25 of the 2nd cross in 
the shape of a grid. 

[0021] The 1st memory device 28 is arranged between the 1st wiring 21 
and the 2nd wiring 25 in the recently contact of the 1st wiring 21 and 
the 2nd wiring 25. Moreover, the 2nd memory device 38 is arranged 
between the 2nd wiring 25 and the 3rd wiring 35 in the recently contact 
of the 2nd wiring 25 and the 3rd wiring 35. Therefore, the 1st memory 
device 28 has lapped with the 2nd memory device 38 in plane view. The 
1st one memory device 28 and the 2nd memory device 38 arranged on it are 
made into one pair, and one memory cell is constituted. In the non- 
volatile semiconductor memory of this example, this memory cell is 
arranged in the shape of a grid. 

[0022] Furthermore, the read-out circuit which reads the information 
memorized by the write-in circuit which writes information in said 
memory cell, and said memory cell is connected to the trailer of the 1st 
wiring 21, the 2nd wiring 25, and the 3rd wiring 35. 

[0023] Next, actuation of the non-volatile semiconductor memory of this 
example is explained. Drawing 2 is the mimetic diagram showing actuation 
of the memory cell of this example, and the mimetic diagram in which 
drawing 2 (a) shows write-in actuation, and drawing 2 (b) are the 
mimetic diagrams showing read-out actuation. In drawing 2 , although the 
direction of a word line, the upper layer, and a lower layer bit line 
changes and is expressed to drawing 1 , it is what considered the 
expedient nature on explanation, and main point does not change. 
[0024] First, write-in actuation is explained. First, as shown in 
drawing 2 (a), in the lower layer bit line 21, i.e., the 1st wiring 
layer, and the upper bit line 35, i. e. , the 3rd wiring layer, a 
predetermined current is passed for a predetermined current in the 2nd 
direction 37 to a sink and a word line 25, i. e. , the 2nd wiring layer, 
in the 1st direction 36. Consequently, the field induction was carried 
out [ the field ] by these currents occurs around each wiring layer. 



[0025] As shown in drawing 2 (a), in the 1st memory device 28, the field 
by the lower layer bit current occurs in the direction of a direction 51, 
and the field by the Ward line current occurs in the direction of a 
direction 52. Therefore, a field is impressed in the direction in which 
they were compounded by the 1st memory device 28. On the other hand, in 
the 2nd memory device 38, the field by the upper bit current occurs in 
the direction of a direction 54, and the field by the Ward line current 
occurs in the direction of a direction 53. Therefore, a field is 
impressed in the direction in which they were compounded by the 2nd 
memory device 38. Consequently, the field of hard flow is mutually 
impressed to the 1st memory device 28 and 2nd memory device 38, and the 
magnetization direction of the ferromagnetic in the data storage layer 
24 of the 1st memory device 28 turns into an opposite direction to the 
magnetization direction of the ferromagnetic in the data storage layer 
34 of the 2nd memory device 38. At this time, the magnetization 
direction of the data storage layer 24 and the magnetization direction 
of the fixed bed 22 in the 1st memory device 28 will become anti- 
parallel mutually, and, as for the magnetization direction of the data 
storage layer 34 and the magnetization direction of the fixed bed 32 in 
the 2nd memory device 38, the magnetization direction of the fixed bed 
in each memory device will become parallel mutually, if the same as the 
magnetization direction of the data storage layer 34 in the 2nd memory 
device 38. This condition is remembered to be for example, memory cell 
data "l. " 

[0026] In order to memorize memory cell data "0", only the direction of 
a current of a word line is made into the reverse in the case of memory 
cell data "1. " At this time, the current of the upper bit line and a 
lower layer bit line is made into the same direction as the case of 
memory cell data "1. " Consequently, if only the Ward line current 
induction field turns to the case of memory cell data "\" , and reverse 
and arranges the easy shaft of the direction of the magnetic domain in 
the 1st data storage layer 24 and the 2nd data storage layer 34 in the 
1st direction 36 beforehand, the magnetization direction of the data 
storage layer in the 1st memory device 28 and 2nd memory device 38 will 
be reversed to the case of memory cell data "1. " 

[0027] For example, the condition of the 2nd memory device 38 is used as 
data "\" (it considers as the case of magnetic reluctance of being 
small). If one pair of the conditions are set to "\" of memory cell data 
when the condition of the 1st memory device 28 is set to "0" (it 
considers as the case of magnetic reluctance of being large), by 
reversing only the current of a word line The condition of the 2nd 



memory device 38 can be used as data "0" (when magnetic reluctance is 
large), and the condition of the 1st memory device 28 can be used as 
data "\" (when magnetic reluctance is small). At this time, one pair of 
these conditions are equivalent to "0" of memory cell data. 
[0028] Next, read-out actuation is explained. In the non-volatile 
semiconductor memory of this example, after performing predetermined 
storage to each memory cell to the memory cell array, the memory cell of 
arbitration can be chosen by choosing a word line, the predetermined 
upper bit line, and a predetermined lower layer bit line. As the memory 
cell of arbitration is chosen and it is shown in drawing 2 (b), it 
becomes possible to read the information memorized by detecting the 
difference of the tunnel current between a word line (2nd wiring 25) and 
the upper bit line (3rd wiring 35), and the tunnel current between a 
word line and a lower layer bit line (1st wiring 21). That is, by the 
condition that resistance is stronger than the 2nd memory device 38, and 
memory cell data "0", the 1st memory device 28 detects [ the 1st memory 
device 28 ] the condition that resistance is smaller than the 2nd memory 
device 38, by the difference in the condition of having made the 1st 
memory device 28 and 2nd memory device 38 memorizing read-out of data, 
i.e., memory cell data, 

[0029] In this example, write information in one memory device like 
before, and information is not read by detecting the absolute value of 
the tunnel current which flows to this memory device. Information is 
written in using the 1st memory device 28 and 2nd memory device 38 as 
one pair. Since stored information is read to a memory cell by comparing 
relatively the magnitude of the tunnel current which flows the 1st 
memory device 28, and the tunnel current which flows the 2nd memory 
device 38, the precision which reads information can be raised 
remarkably. Thereby, information can be read with a sufficient precision 
at high speed, without using the indispensable highly precise resistance 
generating component conventionally. Moreover, since the memory cell and 
non-volatile semiconductor memory of this example have the simple 
configuration, high density can be made to accumulate them. 
[0030] Next, the 2nd example of this invention is explained. Drawing 3 
is the mimetic diagram showing the configuration of the non-volatile 
semiconductor memory (MRAM) concerning this example. The description of 
the non-volatile semiconductor memory of this example is a point which 
arranges two memory cell groups arranged in the shape of [ which was 
shown in said 1st example ] a grid up and down through an interlayer 
insulation film 40. 

[0031] The configuration of the non-volatile semiconductor memory of 



this example As shown in drawing 3 , two or more 1st wiring 21 arranged 
in parallel on the 1st flat surface (not shown) is formed. Two or more 
1st memory devices 28 are arranged in the shape of a grid so that it may 
connect with the 1st wiring 21 on this 1st wiring 21, and two or more 
2nd wiring 25 is formed so that it may connect with the 1st memory 
device 28 on this 1st memory device 28. At this time, the 2nd wiring 25 
is formed in the direction which intersects perpendicularly with the 1st 
wiring 21 on the 2nd flat surface (not shown) parallel to said 1st flat 
surface. Furthermore, two or more 2nd memory devices 38 are arranged in 
the shape of a grid so that it may connect with the 2nd wiring 25 on the 
2nd wiring 25, and the 3rd wiring 35 is formed in parallel with the 1st 
wiring 21 on this 2nd memory device 38 on the 3rd flat surface (not 
shown) parallel to said 1st flat surface. Furthermore, the interlayer 
insulation film 40 is formed so that this 3rd wiring 35 may be covered. 
[0032] Furthermore, two or more 4th wiring 41 arranged in parallel on an 
interlayer insulation film 40 is formed, two or more 3rd memory devices 
48 are arranged in the shape of a grid so that it may connect with the 
4th wiring 41 on this 4th wiring 41, and two or more 5th wiring 45 is 
formed so that it may connect with the 3rd memory device 48 on this 3rd 
memory device 48. At this time, the 5th wiring 45 is formed in the 
direction which makes the 4th wiring 41 and right angle on the 5th flat 
surface (not shown) parallel to the front face of said interlayer 
insulation film 40. Furthermore, two or more 4th memory devices 58 are 
arranged in the shape of a grid so that it may connect with the 5th 
wiring 45 on the 5th wiring 45, and the 6th wiring 55 is formed in 
parallel with the 4th wiring 41 on this 5th memory device 58 on the 
front face of said interlayer insulation film 40, and the 6th parallel 
flat surface (not shown). 

[0033] The non-volatile semiconductor memory of this example can double 
the consistency of the memory cell per unit area by having such a 
configuration as compared with the non-volatile semiconductor memory 
concerning the 1st example. It is also possible similarly to arrange 
three or more memory cell groups arranged in the shape of a grid up and 
down. 

[0034] In addition, in the above-mentioned example, although the example 
the example and the direction of the 2nd wiring 25 cross at right angles 
to the direction of the 1st wiring 21 was shown, in the non-volatile 
semiconductor memory of this invention, the direction of the 1st wiring 
21 and the direction of the 2nd wiring 25 do not necessarily need to lie 
at right angles, and the include angle of arbitration can be made. 
[0035] Moreover, in the above-mentioned example, although the example 



which arranges the 2nd flat surface between the 1st flat surface and the 
3rd flat surface was shown, especially in this invention, the physical 
relationship between said each flat surface is not limited, either, for 
example, the 1st flat surface and 3rd flat surface are made in agreement, 
and the 1st wiring 21 and the wiring 35 of the 3rd may be arranged on 
the same flat surface. However, in this case, it is necessary to devise 
so that the relation of the magnetization direction of the fixed bed 22 
and the magnetization direction of the data storage layer 24 in the 1st 
memory device 28 may differ from the relation of the magnetization 
direction of the fixed bed 32 and the magnetization direction of the 
data storage layer 34 in the 2nd memory device 38. 
[0036] 

[Effect of the Invention] Like ****, in the non-volatile semiconductor 
memory constituted by the magnetic resistance element, it becomes 
possible to raise current detection precision also to a current change 
smaller than before, and, according to this invention, the indispensable 
resistance generating component is conventionally made unnecessary. 
Moreover, since the configuration is simple, the memory cell of the non- 
volatile semiconductor memory in this invention is easily accumulable. 
In addition, although the memory cell in the non-volatile semiconductor 
memory of this invention becomes the configuration of having two memory 
devices, since the laminating of these two memory devices is carried out 
up and down and they are formed, there is no increase of the area of a 
memory cell and more stable storage actuation can be realized in the 
same high recording density as the former. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the mimetic diagram showing the configuration of the 
non-volatile semiconductor memory concerning the 1st example of this 
invention, and they are the mimetic diagram in which drawing 1 (a) shows 
the configuration of a memory cell, and the mimetic diagram showing a 
part of configuration of the non-volatile semiconductor memory with 
which (b) makes this memory cell arrange in the shape of a grid, and it 
is formed. 

[Drawing 2] It is the mimetic diagram showing actuation of the non- 
volatile semiconductor memory concerning the 1st example, and the 



mimetic diagram in which drawing 2 (a) shows write-in actuation, and (b) 
are the mimetic diagrams showing read-out actuation. 

[Drawing 3] It is the mimetic diagram showing the structure of the non- 
volatile semiconductor memory concerning the 2nd example of this 
invention. 

[Drawing 4] It is the mimetic diagram showing an example of the memory 
cell in the conventional non-volatile semiconductor memory, and the 
mimetic diagram in which drawing 4 (a) shows the configuration of this 
memory cell, the mimetic diagram in which (b) shows read-out actuation 
of this memory cell, and (c) are the mimetic diagrams showing write-in 
actuation of this memory cell. 

[Drawing 5] It is the mimetic diagram showing a part of configuration of 

this conventional non-volatile semiconductor memory. 

[Description of Notations] 

11; lower layer wiring 

12; fixed bed 

13; insulating layer 

14; data storage layer 

15; the upper wiring 

16; read-out current path 

17; memory device 

18; the magnetization direction 

21; 1st wiring 

22; the 1st fixed bed 

23; the 1st insulating layer 

24; the 1st data storage layer 

25; 2nd wiring 

26; memory cell 

28; the 1st memory device 

32; the 2nd fixed bed 

33; the 2nd insulating layer 

34; the 2nd data storage layer 

35; 3rd wiring 

36; the 1st direction 

37; the 2nd direction 

38; the 2nd memory device 

40; interlayer insulation film 

41; 4th wiring 

42; the read-out current path of the 1st memory device 28 
43; the read-out current path of the 2nd memory device 38 
45; 5th wiring 



46; memory cell 

48; the 3rd memory device 

51; the field in the 1st memory 

52; the field in the 1st memory 

53; the field in the 2nd memory 

54; the field in the 2nd memory 

55; 6th wiring 

58; the 4th memory device 



device 28 by the 1st wiring 21 
device 28 by the 2nd wiring 25 
device 38 by the 2nd wiring 25 
device 38 by the 3rd wiring 35 
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EH2 1 £n\3smz±M& h«?»*J(l3©Bll3 
5 ttlBJR 2 ©JFUHCTfrftlS 3 ©3FBH±tcS^K¥fT 

flo*«mciMWEii*nTi^o c©t*s he* 2 

©¥StiluEmi ©¥E£l&ES3©¥iIi£©IHl::E« 
**17V*„ *fc» WEmi71S»3©¥iBlcSEft* 

si*5**i, ip-B¥®^T\ an ©eh 2 mm 3© 

E8l3 5fcB&y % ff1©E8!2 1 £H£2©EliS!2 5<h 

[0 0 2 1] yn©E*2 1 ,h^2©SBSi2 5t©«ifi 
JfeSlCfcttSMn ©Ett2 1 t»2©13«2 5 t©ntc 
W:»1©*tyj|^2 8tfE1Kr*lTl/»3o Sfc, 3S2 
©EH 2 5 tM3©EiH3 5 £©Kfflfo5fc33tt*J&2 
©E!H 2 5 tm 3 ©ESI 3 5 t ©HBfcttJII 2 0)* =E V X 
?3 8#EE*nZV*o ffi^T, Jg1 ©* 

^ U *? 2 8 tt jg 2 © / 1 »J 3 8 £■& ?T(N5. 

1 f@©m i ©*t y 2 8 t*(D±izmw$ixtcm2 
©* t y 3 8 1 * i mz lt i o©* =e y -fe/i/** 
j*-r* 0 **»«i©^»«tt*sw«Btt*«ica5^x- 

tt, CCyty-b/UsHM^ttKEJUStlTL^o 
[0 0 2 2] M1©EH2 1, Jg2©EH2 5& 

t>'m3©E^3 s©*$mc& tOE^u-triMcm* 
*»*&t*&0»»tfffiE* =e y -tr/ucEH* 

[0 0 2 3] 4m«l©7WBtt¥«f*Eintt 

©ttftico^TBwr *. b 2 tt*£flHH©* * y -t/u 
<mft*mrm&mz*ta-?Ts 12 (a) 
ft«s«6sm> H2 (b) \mbmuMPemv& 



32>\ B«B±©«tt*E*Lfc«fcffl^ £ttt£foS 

[0024] 5t-r, »*a*tt^(co^TKwr«o 5t 

*\ H2 (a) fcijVr<fc?fc> TEtvUlU 
©EH! 2 1 &tf±j|t?y hfe ip-5Jg3©EHg3 5 

icjj^t. $ 1 ©^iri 3 6 tcms©«at*at u 7- k 

ML WS, «2©E»JI2 5tett«2©*|S3 7tcm£ 

©vxesr. *©«*» cti6©«atfcj:^TRea- 
*ifc«t#tf*E«w©jiiHKa4-r*o 

[0 0 2 5] 02 (a) (CotTJ;?(C »1©*^U* 
?2 8lcttT«bf y h«3(EtcJ:*BWfl«*fii5 1 ©£|r] 
tc«4 U 7- KttEfEE .fcSKIMfi&Gl 5 2 ©Sialic 
RST*. ftoT, JSIfflytyHf^Sfctt^tlStf 

^a**ifc*iqnj:»isitfaiin*ti5„ -s % £2©** 

>J«?3 8fctt±Htfy hm^C<feSffiSWft^lRl5 4© 
^[pjinfg^ U 7- K»«aE(E«fc*«»tf*lRl 5 3©^ 
(p)lt§6^-rs 0 ftoTv ^2©^ : Ey«?3 8l::i± ; E-n 

i ©* t y 2 8 -mw, 2 (o* =e y m=f 3 8 ^ t*s^ 
tcawiRi©«iitfaMip**u »i©^ : EysiE?2 8©7 ; 
-*EtM2 4i;:fe^saattt#©»tfb*iatt* ^2© 

* t y Ke? 3 8 ©7=-*E1iH 3 4 fcfitt5Bi»Htft© 

■tflsMfcttLTfiSfi&iRifcft*. c©t#, ^ty 
«TicaB»t*H*«©«fbSiRi^ ^J^«'m 2 o* * y 
«T3 BKfiitsx-dtEiMi 3 4flwwh»fitni:? 
mi ©yty*? 2 8fcas^*7 r -*EiWi2 

4 ©JKf b*lS t ®fcm 2 2 ©SBEfbSlRlttS^teJETfirte 

a y % » 2 ©* * y 3 8 (cfi^s^-^EttW 3 4 

©«fb*lRlt@J£« 3 2©»{fc&|qjttS^U:¥fTfc& 

So c©««*, maf^^y-b;^-* "1" tEli 

[0 0 2 6] yty-feJUx-* "0" *B«f3fci6fc 

KttcwaE&isc^/ty-biu?-^ 
-r ©^©^cfSo c©t*v ±«ify h«at; 
TievmowBi^ty-biux-* "1" ©Ji^t 

I^IU^lRltTSo *©|gj|l, 7- K««aBB8BSHP©* 

*\ ^ty-b/i/x— ? "i" ©«^ta»*ia^ ?.46m 

1 ©7 s — StEflH 2 4atMB2 ©7 s — $tEtU 3 4 tcfc 
tt*«E©;&lRl©8Stt*£l ©*l&3 6fcftJAT33tt 
tf, ^1©^ : Ey«?2 8Sy ; m2©^ ; Ey*?3 8lC 

"1" ©i§£idtfLTJ5iEr3o 

[0 0 2 7] S2^i'JIJ3 8©«1^7 

-* 'i' «i«B»o/j*#i^fcr*) tun 
©^ t y «r 2 8 ©«^^ " 0 " mmm<o±^m 
Gttz) tLtcmsiCs ztDMttQwm&mzwj 

•fe/Ux-^© "1" i-TS^ 9- Ftt©«3ft©**£ 

e*-e-*ct?, i2^tuif3 8©«Mf-$ 
" 0 - mmmtiCDtt^ms) t u m 1 ©^ t y * 

f2 80tt«ST-* "1" («SafflSi©/J^L>«&) 



y-fe/u? 5 -*© "o" icffia-rso 

[0 0 2 8] LBfftCO^TIttWr3o * 

^«y©^a«tt*3M«BMffil«Jc£^TH:s ^©^ 
U -trvUT' U-f LTx m£©B1t£&* * >J -biUtCtt 

try hasjKRrscfcicfcyffitoyty-t/utW! 

(b) (cS*TJ:31i\ 7-KiH (!fl2©Eiig2 5) t± 

m try h* (^3©iBiH3 5) t(om<Db>*iuw* 

ts l-mtTM&yhm (S1©E$2 1) £©H 

Ui> JRl©*ty*?2 8»tfJB2©*tyjR?3 8 
" 1 " TttJg 1 ©* ^ y 2 8 31 2 ©* * y *f 3 

8<fcyfisw*#i.vtttk ^u-fe;!/^-* "o" t*» 

Sl©> : EUj|E?2 8fl«*2©>« : E«J3l6?3 8<feyaffi 
[0 0 2 9] ^MtMKSltTtt, ae*©«fe3K1o© 

*^y*yiciiHs*»*&*s coytujRwatns 

ar©?tt*<» ^1©P« ; E , J^?2 8<t^2©^ ; E'; 
«?3 8*lWtLTllWB*»*a3^ m©**yiis 
?2 8*3([ft* H>*;U«3fttJB2©y ; Eyil5? 3 8£ 
Sftft* h >*;U«a©*** £ffi»«(cifc«T* CtT* 
*tyfc;UfcEtra#fc11l«*W*aTfci&, 1ffS«R 

y. «e*fct^Rr*T*ofc*«jsajKtas*p««ffl 

tflTfcs S»Tttfi<fc<««©^fflL*fT5C£tf-? 

#* 0 *««©** ytJujKf^^sw* 

E«8B^J8tfJIU*?**fci&, ilSgJtKIISS-t** 

[0 0 3 0] #lc, *«W©JS2*JWWKo^TIJW|-r 

50 H3tt*HSg^Jlc#5?FSfl1t¥»#!B1igS (M 
RAM) ©««*^rSBCH?a5*o **!MW©*JWS 
tt*|y»fttB«8fi©*t»tts luESl *M«(cfe^T3% 
Lfctt?ttli:E$U Lfc^fJ -fe/US*, JIIHf&ltSU 0 

LT±Tfc 2 fflEB LTV* jS7»**o 

[0031] tmmattMtimmw&mwm 

Its H3K^-T«fe5(c» S1©¥E fflarSf) ±(C¥ 
SKE5U*ftrc1«![©»1 ©E«2 1 aWSttStU £© 

51 ©IB^2 1 ©±KS1 ©E&£2 1 lcjg«T3<fc5fc 
«»©£ 1 ©* * U 2 8 tftt?ttJCS«* *U C © 
S1 0^ : EUjKT2 8©±fc!g1 ©*tySR?2 8 Kg 
«-T««fc3te«»©*2©E«2 5fl«KttSnT^*o 
£©£*, «2©S«2 5(*fflE»1© 3 FiBt 3 FfTaS 
2©¥S (H^-S-f) ±tEfit^T*1 ©Btt2 1 <hiI3£ 
*-*#IrUERW-6*ITV*o 3E(C S2©Ei§2 5©± 

2 ©EiH 2 5 fcjftMT * «fc a f Z88t©$ 2©/i'J 



If3 8 flWfttfcEB* *U C ©US 2 ©* t y jR? 3 

8 ©±ks 3 ©is*i 3 5 mmm i ©te t ¥*t&s 3 

©¥H ±tc£^T«1 ©K»2 1 fcTfrfc 

KttSftTVS. MIC E©S3©iBiH3 5^S^d;5 

(cfliniH«4 otfRitenTi^. 

[0 0 3 2] MIC, JHHM6IMI4 0©±(C¥Rfci35iJ* 
nfca»©«4©E«4 1fl«Ktt6*U £©S4©EJSI 

4 1 ©±KSg4©IS*l4 1 H:«N«-r * «fc 5 IC«QR0>1II 3 
©^ : Ey*?4 8j{«jS?ttJcEll*tU £©113©^ 

y sr? 4 8 ©±fc» 3 ©y t y *? 4 8 KK«rr * «»: 3 

tCfflftffl*5©Ktt4 5ij«K^5nTL'»*o C©£*N 
m 5 ©E*I4 5 ag3EflntMRlit4 0 ©€t®K¥*T£Jg 

5©¥® (ns-a-f) ±tcfe^TJB4©s«4 1 twn 

SftTEfclcRW-SftTV*,, S5©ESi§4 5© 

±ks 5 ©e&i 4 5 idgiirr 5 J: 3 (c«hk©% 4 ©* * 

y 5 8 jtNfrfttfcEB* *U C ©» 5 ©* * y *F 

5 8 ©±KS 6 ©ESI 5 5 iftEfiNfBIRIBt4 0 ©*ffi 

4 1 fcspfffcigttSftTVSo 
[0 0 3 3] *SS(S«y©3F»«1t^ftlB1SgMtt, 21 

t y-t:;u©^jt^s i ©nss#iJtc^§^g^i4^ftiB 
tK^£U«LT2fiHcT*Citf?S*o n«(«: % ft 
?«l=ES*ftfcy t y -tr;UP^±Ttc 3 ^J-X±ES1" 

[0 0 3 4] £J>\ Mai©MHI(c£^Ttt« S2©E 
H2 5©^|r]^1 ©E3H2 1 ©*fi|K»LTiI3Sr* 

Ttiv Si ©E!H2 1 uyn^t.W.2(fmm saynut 

[0 0 3 5] Sfc, Wa©*Jft«»Cfe^Tttx S1©¥ 
BiS 3 ©3FiB©BHc»2 ©¥S^E«f L/c 

6\ *»wK»^Ttt, Meft s Pisia©«mnfifi'&i$(z 

HS*tif, Sl©¥®<!:S3©¥S^-a* 
-ttT. S 1 ©EiH 2 1 tS 3 ©EiH 3 5 ^|H-¥B±lC 
B«LTfe«J:l\ ffiU C©«^{*» Sl©^^ 1 ;*? 
2 8tC£W«@£JI2 2©»fb*Slt7 s -^Ett«2 4 

©m^ip]t©^*\ S2©p< ; Ey^?3 8H:te^ 

S£JI 3 2 ©Btfb*fc t x-^EUJi 3 4 ©SBKbSSl <t 
©H«t Sft* «fc 5 fcI*T S&Etf SSo 
[0036] 

[«w©»«] ±«s©$p<, *«wfc«fctitfs tt*cffi& 

Ts Sf* J: y fe/J^ft«B«kU:» LTt.«ai«ffl»fi 

«SiR?*^Sfc-r*o Sfc *fgB^lcfett*^SI814 
¥*ftffi1fgB©^ t 'J -tr;Uti, ««fl«i*fi?**fca& 

estiwrscttfT**, ftfc\ *«w©^»«tt 
¥aw«Btt^iiKfiw-*y =e y -bjn* 2 o©^ ^ y 



wm zv v z- z s z i s 



[IH 1 ] *fg0^©m 1 ^ft£ffi*ro9&¥8tt3B1f 
8H©*/8*^r«5SH-?S?T» HI (a) tt^tU 

■fe;Ko««*^f«aa (b) ttcoyty-tzM/fctt 

[si 2] minMMimttn%&*mmmmm(Dm 
fiP*^-r«3ia?*oTs 02 (a) 

S-raiCa (b) tt«*ttiLIMKrai-r«SCH , eS 

*o 

[03] *^cD^2H^JlC^^gfg14^f*:IBlt 
[0 4 ] ^3l5CD^S^14¥^lB1tgSttfc It* * * U 

•feiwo— H*str«aH?*-3T, m (a) 

ey*jMD«bttaVr*^ (b) ttEflWty-fejb 
OBg*tfJLttff*^-r«BCa (c) ttCflD^t'J-feib 

[0 5 ] C ® ^® TO^¥*fffitt&B®ttJft^ 

[^#©IK0^] 

1 1 ; Tmmm 
i 2 ; h^ji 
i 3 ; mmm 

1 4 ; x-frEWI 

1 5 ; ±mmm 

1 6 ;ffi*tHUt3NIK 
i 7 ;**y*T 
1 8 ; «ft&iRj 



2 1 ;mi©i3Sg 
2 2 ; M 1 omfem 



2 3 ; 
2 4 ; 



40 ; 
4 i ; 



; m 1 
2 5 ;^2©EiH 

2 6 ; /"EU-biU 

2 8 ^KD^ty*? 

3 2 ;£24)@£J| 

3 3 ;Jg2<DiS&£ig 

3 4 ;S2©x-*EtM 

3 5 ;Jg3<DlESi 

3 6 ; g 1 OSIrI 

3 7 ;Sg2£>£|S] 

3 8 ;£2©*ty«? 

mrsmmm 

4 2 ;*i©**y#?2 8©R*tiiUtaBiK 

4 3 ; f2®^iUIf3 8©ffi*tilL«3aitt 
4 5 ;H5©i3iH 
4 6 ; /ty-biU 

4 8 ;*3©*ty*? 

5 1 ;jgi0iBiH2 itej:*j|ii©/ : Eyig?2 8^© 
saw 

5 2 ;S20E^2 5lCi:*g1O^ : Eym : f2 84'© 

5 3 ;m2ro@B?H2 5(Ccfe*^2a)^ ; Ey^?3 8^ 

5 4 ; Jg3©BS£3 5U:J:*Sg2©;< ; EyiSt?3 8tt'© 

5 5 ;Sf?6©IS!ii£ 

5 8 ;n4D**Vmrf- 




11 ; T»K* 



I5;±*ia* I7;^y** 



[03] 




21;*1«*« 25;*2«B« 26 ; -^"fetf- 
55 ; *6<o£# 58:*^oX^!/«^ 



[04] 




(0 



11 ; t«c« 12 ; m&m 13;JM*J1 
U : -T-tKftM 15 ;±*K# 

16 ; O^WL*»t»» 



